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CHAPTER 1 

INTRODUCTION 

Point bars are principally considered sandy deposits (Dixon, 1921; Allen, 1963; Allen, 

1970; McGowen and Garner, 1970; Brice, 1974; Miall, 1978; Walker and Cant, 1984; Smith, 

87), but several authors cite examples of other less-sandy/mud-rich point bars (i.e.., tidal bar, 

counter point bar, and Muddy-normal point bar). First elaborated by Thomas et al (1987), 

inclined heterolithic strata (IHS) is common and characterizes a well-documented range of 

muddy point-bar deposits (Smith, 1987, 1988; Rahmani, 1988; Gingras et al., 1999; Choi et al., 

2004; Smith et al., 2009; Choi, 2010; Dashtgard and Johnson, 2014). IHS is a descriptive term 

and defines alternating layers of sandy, silty, and muddy strata arranged along subparallel 

enechelon accretion surfaces at low (~10 degrees) angles to horizontal bedding that are typically 

attributed to muddy point bar development.  IHS is commonly attributed to tidal conditions 

(Thomas et al, 1987; Smith, 1988; Schoengut, 2011; Fenies et al, 2011), though Thomas et al 

(1987) made no indication that tidal influence is a required condition for IHS deposition and 

indeed non-tidal occurrences are common place (Thomas et al, 1987; Dalrymple et al, 1992) 

Mud-dominate IHS point bars deposited owing to either tidal influence (Thomas et al, 

1987; Smith, 1988; Schoengut, 2011; Fenies et al, 2011), waning bar tails (Willis and Tang, 

2010; Smith et al., 2011; and Ielpi and Ghinassi, 2014), or counter point bars (Brice, 1974; 
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Hooke, 1984; Smith et al, 2009; Fustic et al., 2010) are common place and modestly well 

understood. Less understood are point bars that lack charactorisitics of these depositional origins 

and yet, are still mud dominate. These “muddy-normal” point bars bear no tidal influence, have 

the lobate geometry of normal expantion-dominate sandy point bars, and are muddy throughout.  

The goal of the current is to evaluate the process(s) by which these muddy-normal point bars 

form.  This proceeds by examining the internal architecture of a heterolithic point bar deposit 

within the Cretaceous Belly River Group of Dinosaur Provincial Park, Canada that lacks has the 

geometry and sedimentary features of a muddy-normal point-bar. 

1.1 LOCATION 

The targeted muddy-normal point bar is located in the Steveville area of Dinosaur 

Provincial Park, AB, Canada. The Steveville area provides excellent 3D exposures owing to 

highly dissected badland topography, availing multiple outcrop locations across the entirety of 

the deposit. This muddy-normal point bar was previously mapped by Smith (2015) as a muddy 

heterolithic point bar with a lobate geometry (Figure 1). Smith mapped multiple other bars in this 

area, but distinguished these others as either counter point bar deposits or sandy, normal, point 

bar deposits. The point bar of this study was the only one Smith mapped as predominantly 

muddy – heterolithic – that is not a counter point bar. This muddy-normal bar is similar in lobate 

geometry to the other sandy-normal point bars.  All the point bars in the Smith map are within 
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the same channel belt and none of the bars have trace fossils or sedimentary features supporting 

tidal influence on the bars and channel fills within this coeval set of channel loops.  The channel 

belt is mostly confined above and below by floodplain strata and locally other channel belts.  The 

average thickness of the bars is 8-10 meters, paralleling that of their associated channel fill.
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Figure 1: Location of study area. The star shown in Alberta identifies the location of the Steveville area of Dinosaur Provincial Park. In the zoomed portion 

is shown a geologic map from Smith (2015). The section of the point bar used for this study is outlined in red. 

4 
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The channel belt containing the target bar is in the Dinosaur Park Formation, part of the 

Belly River Group, exposed at Dinosaur Provincial Park (McLean, 1971; Hamblin, 1997b; and 

Therrien et al., 2014). The Dinosaur Park Formation is composed of numerous stacked channel-

belt lenses composed of fine to medium grained sandstones and siltstones and local inclined 

heterolithic stratification within a muddy floodplain matrix with abundant petrified wood and 

dinosaur fossils throughout (Wood et al., 1988; Brinkman, 1990; and Eberth and Hamblin, 

1993).  The target bar is one bar within one of these many channel-belt lenses. 

1.2 PALEOGEOGRAPHY AND STRATIGRAPHY OF STUDY AREA  

 The Dinosaur Park Formation is approximately 128 meters thick and located at the top of 

the Belly River Group with the uppermost 60-100 meters exposed at Dinosaur Provincial Park 

(McLean, 1971; Wood et al., 1988; Ryan et al. 2001). The channel belt and associated muddy-

normal point bar are approximately 8-10 meters thick bound by flood plain deposits within the 

upper third and is locally incised into a similar channel belt below. Dinosaur Park Formation 

strata located in Dinosaur Provincial Park were deposited between the Western Interior Seaway 

in the east and the contemporary Canadian Rocky highlands in the west on the distal portion of a 

fluviodeltaic coastal plain during the middle Campanian (Williams and Stelck, 1975; Koster, 

1983; Braman and Sweet, 1990; Eberth and Hamblin, 1993). The Dinosaur Park Formation is 

part of a dominantly eastward thinning fluvial clastic wedge located between the Lea Park and 

Bearpaw marine tongues (Figure 2), implying deposition during a period of maximum regression 

(McLean, 1971; Jerzykiewicz, 1985; and Braman and Sweet, 1990). Marine assemblages are 

restricted to the uppermost horizons of the formation, stratigraphically higher than this point 

bar’s local (Braman and Sweet, 1990; Eberth and Hamblin, 1993; Eberth, 1996; Mallon, 2012). 

The paleoclimate was likely temperate to subtropical and humid with perennial rivers that 
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generally flowed in a southeast direction (Dodson, 1971; Jarzen, 1982; Koster, 1983; and 

Mallon, 2012).  

 

Depositional environments from the succession found regionally in the Dinosaur Park 

Formation grade from fluvial to estuarine to facies of the Lethbridge Coal Zone (Koster and 

Currie, 1987; Eberth and Hamblin, 1993; Eberth, 1996; Mallon, 2012). This study’s point bar 

Figure 2: This figure, modified from Hamblin (1997a), shows the stratigraphic relationship and regional        
extent of members within the Belly River Group. 
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was located within the fluvial portion of this set. The precise distance upstream from the 

contemporary shoreline is uncertain but is at least on the order of several 10’s of kilometers 

(Figure 3) (Eberth, 2009).  While not confirming the distance is too great for marine reach, this is 

consistent with the lack of tidal imprint.  Tidal origin of the IHS is thus not probable.       

Figure 3: Figure modified from Eberth (2009), shows location of Dinosaur Provincial Park (red box) during the 
Middle Campanian to be approximately 200 km from the shoreline. The red box indicates where the park would 
have been during this time. Image below, also from Eberth (2009), shows cross section of area. 
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1.3 POINT-BAR PROCESSES 

Point bars form as side-attached bars on the inside bend of single thread meandering rivers 

and form mostly by accumulation of sand and gravel as the bar laterally accretes and the 

opposing cutbank retreats (Wolman and Leopold, 1957; Allen, 1965; Mertes et al., 1996; 

Constantine and Dunne, 2008; Jo & Ha, 2013; Nardin, 2012; and van de Legeweg et al., 2014). 

Point bars tend to fine upward owing to an upward decrease in bed shear stress with decreasing 

water depth.  Multiple stacked upward fining trends may comprise the larger fining trend 

resulting from bar erosion and reactivation following major floods or changes in growth vector 

with channel rotation (Smith, 1987; Thomas et al., 1987; Bridge, 2003; Constantine and Dunne, 

2008; and Willis and Tang, 2010). These mechanisms produce similar features common to most 

point bars, such as basal scours, lateral-accretion bed sets, and current structures exhibiting 

migration along lateral accretion faces (Smith, 1987; Thomas et al., 1987; Bridge, 2003; 

Constantine and Dunne, 2008; Willis and Tang, 2010; and Hubbard, 2011).  

Bank pull, rapid cutbank erosion compared to accretion, and bar push, rapid accretion 

compared to cutbank erosion, cause channel migration towards the outer bank and an increase in 

sinuosity of the channel with continued bar growth (Constantine and Dunne, 2008; Willis and 

Tang, 2010; and Eke, 2013). Migration normal to a channel bank is expansion, whereas 

migration obliquely downstream relative to a channel bank is translation (Figure 4) (Daniel, 

1971; Jackson, 1976; Nanson, 1980; and Bridge and Jarvis, 1982). Translation may occur when a 

resistant substance, such as bedrock or large clay deposits, is present and prevents channel 

expansion or when sinuosity is low and the impact vector of the flow with cutbank is 

downstream of bar apex (Daniel, 1971; Chen and Duan, 2006; and Hubbard, 2011).  
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Figure 4: Modified from Daniel (1971) showing point bar growth with solid lines representing initial 
time (t1) and dashed representing final time (t2). Expansion, expansion and translation, expansion and 
rotation, and translation are all shown in this diagram. Note: Flow direction is from left to right for all 
diagrams. 
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1.4 POINT BAR TYPES  

The sandy-normal point bar records the typical “text book” meandering point bar model 

(Figure 5). This model is simplified (Figure 6) with subparallel lateral accretion surfaces, usually 

spaning from the top of the bar to the bottom of the bar (Sundborg, 1956; Allen, 1963, 1970; 

MeGowen and Garner, 1970; Bluck, 1971; Bridge, 1975). These point bar deposits are typically 

sand-dominated with lower regime to some lower-upper regime sedimentary structures and 

minimal mud, most commonly in the form of relatively thin mud drapes between thicker sandy 

bed sets (Frazier and Osanik, 1961; Allen, 1970; and Walker and Cant, 1984).  These bars are 

roughly the thickness of bank-full channel depth, make lobate bars, and form from a dominance 

of bar expansion compared to translation (Figure 7) (Jackson, 1976; Nanson, 1980; and Bridge 

and Jarvis, 1982; Smith, 2006).  
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Figure 5: From John Holbrook (Personal Communication), illustrating difference between a muddy-normal 
point bar and a sandy-normal point bar. A) Uninterpreted photograph of Section 12 showing a muddy-normal 
point bar and a sandy-normal point bar. B) Architectural interpreted photograph of Section 12. Note the 
different architectures between the two point bars – the IHS of the muddy-normal and the lobate geometry of 
the sandy-normal. 
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Figure 6 (Above): From 
Saucier (1994), showing the 
internal sedimentary features of 
a sandy-normal point bar.  
 
 
Figure 7 (Left): From Saucier 
(1994), showing plain view of 
a sandy-normal point bar. 
Shows how accretion due to 
expansion works. 
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Other point bars may be heterolithic with alternating accretion sets of sand and mud that 

form IHS deposits. IHS formation is attributed to seasonal or random changes in flow rates, or in 

a tidal environment it may be caused by seasonal and biweekly migration of turbidity maxima 

(Smith, 1985; De Boer et al., 1988; Smith, 1988; and Fustic et al., 2012). In a meandering river 

IHS forms in two ways, either by multiple meander cut off events and consecutive lateral 

migrations over previous cut offs preserving amalgamated fragments of hetoerolithic channel fill, 

or by periodic growth of a single point bar that involves abundant mud deposition (Reineck and 

Wunderlich, 1968; Thomas et al., 1987; and De Boer et al., 1988).  

Transition from normal point bar to counter point bar occurs across an inflection point 

separating the convex “normal” point bar from the concave counter point bar during bar 

translation (Figure 8) (Brice, 1974; Hooke, 1984; Smith et al., 2009; and Fustic et al., 2010). 

Translation pulls the channel from the concave bank downstream of the convex point bar and 

results in muddier bar-tail preservation (Willis and Tang, 2010; Smith et al., 2009, 2011).  

Several trends occur in counter point bars downriver from the crossover point including the 

thickening of silt-dominated facies, diminishing and fining of sand interbeds, and general fining 

of grain size within accretion sets (Fustic et al., 2010; Brice, 1974; Hooke, 1984; and Smith et 

al., 2009). Counter point bars thicken at the expense of normal point bars as they build away 

from the infection point, and eventually reach a maximum thickness equal to the full point bar 

(Fustic et al., 2010; Brice, 1974; Hooke, 1984; and Smith et al., 2009). Counter point bars form 

by dominance of bar translation and with time accumulate elongate bodies with accretion sets 

that are concave to the channel in plain (Fustic et al., 2010; Brice, 1974; Hooke, 1984; and Smith 

et al., 2009).   
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Figure 8: Modified from Smith et al. (2009) showing the inflection point between a point bar and a counter 
point bar.  
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  Tidal environments have regular periodic fluctuations in water levels and current 

velocities due to tidal cycles and are ideal environments for IHS deposition (Smith, 1985; 

Thomas et al., 1987; and De Boer et al., 1988). IHS deposits are most commonly in rivers that 

are tidally influenced (Smith, 1985; Thomas et al., 1987; and De Boer et al., 1988; and 

Schoengut, 2011). Other common environments are meandering freshwater fluvial systems and 

creeks draining intertidal mudflats (Thomas et al., 1987; Blum, 2015).  Tidally induced IHS 

commonly record heterolithic or clean sands inter-fingering with mud clast breccias, commonly 

with basal mud clast breccias under heterolithic accretion-stratified sands with clay layers more 

abundant in the uppermost portion (Smith, 1985; De Boer et al., 1988; and Fenies et al., 2011). 

Other indictors of tidally influenced point bars include cross-bedding within lenticular and wavy 

bedding and reactivation surfaces on top of the cross-beds (Reineck and Wunderlich, 1968; de 

Mowbray, 1983; Smith, 1985; and De Boer et al., 1988), and marine trace fossils along accretion 

sets (Smith, 1985; Pattison et al, 2005; Desjardins et al, 2012).  Tidal IHS point bars otherwise 

form by the same mechanisms of expansive or translating lateral accretion as other point bars. 

A muddy-normal point bar has similar lobate geometries and convex accretion sets to a 

sandy normal point bar, but it has subequal amounts to dominance of mud in the accretion sets as 

opposed to sand. Major accretion surfaces are subparallel and generally extend from the top of 

the bar to the bottom and, other than the higher much content, these bars are similar to the sandy 

normal point bar.  Likewise, these bars lack tidal features and heterogeneity cannot be attributed 

to tidal processes. The origin of these bars is uncertain and the focus of this study.  
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CHAPTER 2 

METHODS 

Approximately 2.6 km2 of the target point bar is exposed and was characterized with 

seven detailed stratigraphic sections to assess internal sedimentary features.  Descriptions of 

lithologies, sedimentary structures, grain size, sorting, roundness, and organic material were 

collected, as well as paleocurrent measurements.  Ten less detailed sections were collected that 

cataloged sand vs. mud ratios, thickness, and strike and dip of accretion sets within locations 

where these data were not already collected in the more detailed sections.  A Range Finder 

attached to a Trimble Geo 7X was used to measure unit thicknesses and to obtain GPS readings 

for each section’s location. This data was stored using quick projects in Esri’s ArcPad.  All 

sections depict strikes and dips of the major accretion surfaces and use a generic template and 

color scheme whereby sand and mud ratios were quantified as sand dominate (sand/mud.> 50%), 

mud dominate (sand/mud < 50%), and mixed (sand/mud = 50%). These data were plotted on 

stereonets and in graphs according to set lithotype and accretion-set orientation.  All accretion 

sets within the point bar over the exposed area of the bar were measured and accounted for 100% 

sampling. 

Strikes and dips of major accretion surfaces, as well as accretion set boundaries, were 

collected using a Brunton Compass and recorded for every location at which a stratigraphic 

section was measured. Strikes and dips at accretion set boundaries were only recorded if their 

measurements differed from that of the major accretion surface above or below.  Affiliation in 

orientation was noted at these other sites.   

Photo panoramas at 15 individual sites were used to aid in interpretations across the point 

bar. Panoramas were generated using Adobe’s Photoshop version CC and exported to Adobe’s 
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Illustrator version CC for drafting surfaces measured in the field to produce graphics.  

Panoramas were used to complete a simplified architectural-element analysis using the procedure 

of Holbrook (2001), as derived from Maill (1985, 1986). 
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CHAPTER 3 

RESULTS 

3.1 ARCHITECTURAL-ELEMENTS BINDING THE MUDDY LATERAL ACCRETION 

ELEMENT 

The target meander loop comprises a channel-fill element, thalweg element, and a lateral 

accretion element, bound by mudflat elements and locally older meander loops (Figure 9).  The 

thalweg element is semi continuous across the bottom of the lateral accretion element. The 

targeted muddy lateral accretion element is continuous until it reaches the channel-fill element to 

the N, NW, and NE. The channel-fill element cuts northward into a sandy lateral-accretion 

deposit of an older adjacent lateral accretion element (Figure 9). In a small strip along the 

southern portion, part of a sandier lateral-accretion element incises slightly into the targeted 

muddy lateral-accretion set from above (Figure 9) and on the eastern side of the muddy-normal 

the thalweg element incises downward into an older sandy lateral accretion set. 

3.1.1 Channel-Fill Element  

The channel fill element is bound above and below by floodplain mud-flat element and 

cuts into older meander loops laterally. Paleocurrent measurements indicate an overall average 

flow direction down channel from west to east (Figure 9).  The channel fill is elongate and 

lenticular in cross section (Figure 10).  Beds and bedding planes within the channel fill are 

generally concave up at the scale of the channel fill. 
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Lithofacies for the channel fill in general alternate between beds of mud and sand 

(Appendix). The mud throughout the channel fill for all sections is medium to thick bedded with 

upper fine grained silt. Small twig and leaf fragments, typically laying between bedding plains, 

and coffee grounds are present in the mud beds. Sedimentary structures include low angle ripples 

and parallel laminations both of which ranged between thin and very thin sets. Grain size fines 

up from an upper fine silt within the mud beds to mudstone. Sedimentary structures continue up 

section. Local iron staining is present randomly throughout the entirety of the channel fill.  

Figure 9: These are maps of the top projection of the point bar. The sandy normal, to the left and outlined by the 
black dotted line in both, cuts into the bar. The cutbank element is a normal point bar. The red dotted line, seen 
in the left figure, shows the approximate location of an older point bar that this system incised. Also seen in the 
left figure are the section locations as well as the orientations of the panoramas. The figure on the right shows 
paleocurrent data and colors for mud, sand, and mixed that match the rest of images in paper. 
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Sandstone beds are thin to thick with thin being more abundant, and well sorted, 

moderately-cemented lower fine sand. Sedimentary structures include thin cross laminations and 

low angle ripples. Locally, very thin mud drapes are present on cross-sets and ripples. The 

channel fill deposit in general fines upward.  The bottom of the channel fill is marked by a scour 

surface topped by a mud drape containing a high amount of coalified plant debris in the toe of 

the drape.  

The downstream portion of the channel to the east is slightly different compared to the 

rest of the channel fill (Appendix). This part of the fill is coarser.  Mud beds are generally not 

present in the lower portion of the channel fill, but do appear in the upper portion in the form of 

drapes. When present, mud beds are thin to medium bedded and have are upper fine grained silt 

fining up to mudstone. Parallel laminations are present in the mud beds located at the bottom of 

the channel fill. Mud chips on foresets are also common, occurring heavily in upper section and 

then decreasing in the lower areas of the section. Flakes of calcite occur occasionally, but only in 

the upper portion. Organics, such as plant debris, coffee grains, and resin, occur in the lower and 

middle portion of this section. Finally, liquefaction features are present in the top 3m of this 

section with a blow sand deposit in the top 0.5m. 

 Recorded in this element is this point bar’s associated abandoned channel fill. Abandoned 

channels are a result of channel shifting process at various scales, such as meander cutoff and 

avulsion (Jordan and Pryor, 1992; Toonen et al, 2012). At abandonment, infilling processes 

occur recording paleodischarge variations, palaeoflooding, and fluvial style change (e.g. 

Vandenberghe, 1995; Page and Nanson, 1996; Macklin and Lewin, 2003; Erkens, 2009; Toonen 

et al, 2012). As abandonment occurs, deposition of finer sediments is expected along with 

coarser grains. Discharge processes can halt and reverse during this stage resulting in new semi-
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stable channel bifurcation and thus a possible alternation of sand and mud beds, as seen in this 

study’s channel fill (Jordan and Pryor, 1992; Toonen et al, 2012). Heterolithics, as seen in this 

study’s channel fill, are to be expected.  

3.1.2 Floodplain Mud-Flat Elements  

The point bar, where it is not locally incised into an underlying meander loop, is 

positioned on top of a composite soil with poorly to very poorly preserved parallel laminations, 

scattered coal fragments, 1-2 cm root fragments, and local thin (3-5 cm) iron stained layers 

(Appendix).  A second similar floodplain mud-flat element caps the majority of this muddy-

normal point bar.  

This is a composite soil generated within aggrading subaerial floodplain mudflat strata.  

The deposits are generally pedogenically stirred and lacking in primary depositional structures 

but also lacking in distinct soil master horizons indicative of long term depositional hiatus. This 

overlying soil is more organically rich than the lower composite soil with lots of plant fragments, 

coffee grains, and small coal fragments concentrated in a thin (3 cm) horizon approximately 15 

cm above the top of the muddy lateral-accretion element. 

3.1.3 Thalweg Element  

The thalweg element underlays the muddy lateral-accretion element and forms the base 

of the meander loop over about half of the bar areas (Appendix). Thalweg deposits form where 

the greatest velocities carve out the base of the channel. Thalweg lithofacies are medium bedded, 

lower medium grained, well-sorted, and moderately-cemented quartz-arenite sandstone. 

Sedimentary structures include basal lenses filled by thick parallel and cross laminations that 

alternate between silt and fine sand. These basal lenses, or scours, represent areas of bankfull 

discharge and thus areas with the greatest amount of shear stress, allowing these scours to form 
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(Burge and Smith, 1999; Moore and Masch, 1962; Espey, 1963). The thalweg element is found 

in outcrop in about half of the point bar deposit (8 out of the 16 sections). There are no accretion 

sets within the thalweg element, making it easy to distinguish as a separate part of the point bar 

system. 

3.2 THE MUDDY LATERAL ACCRETION ELEMENT 

3.2.1 Lithofacies 

This lateral accretion element records accretion of a side-attached point par on the inside 

of a river meander bend terminated by abandonment of the binding channel-fill element (c.f. 

Miall, 1996; Bridge, 2009; Jordan and Pryor 1992).  Dipping accretion surfaces record surfaces 

formed approximating the bar face between phases of growth.  The element alternates between 

sandstone and mudstone dominance with changes in the orientation of major accretion surfaces 

being the separating factor between element subunits (Figure 10; Appendix).  

Mudstone intervals throughout the element range from very thin to thick bedded. 

Sedimentary structures varied between parallel laminations, cross laminations, wavy to planer 

laminations, and low angle ripples, all of which ranged within thin and very thin bed sets, locally 

with flat and angular mud rip ups (unit 3 of stratigraphic section 2, Appendix). Organics include 

small twig and leaf fragments, which typically lie between bedding plains, as well as coffee 

grounds. 1cm to about 10cm diameter iron concretions and some iron staining also are common 

in the mudstones. 

Sandstone beds throughout the lateral accretion element are thin to thick bedded and 

lower medium grained fining up section to lower fine grained well sorted and moderately-

cemented quartz arenite. Sedimentary structures for the sandstone beds vary. Structures include 

thin to medium parallel laminations, cross laminations, and planer laminations. Laminations 
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range from parallel, to wedge, to cross-lamination. Organics, such as plant debris and coffee 

grounds, are present in the sandstone beds but are sparse and not as prevalent as in the 

mudstones. 

Overall this point bar fined up section, as is common within point bar deposits (Frazier 

and Osanik, 1961; Allen, 1970; Cant, 1982). Fining upward within a point bar indicates 

decelerating flow components from the bottom to the top of the point bar resulting in dune 

deposits, cross-stratified deposits, at the bottom and current ripples at the top (Frazier and 

Osanik, 1961; Allen, 1970; Cant, 1982). Alternation of sand and mud beds suggest changes in 

deposition. Typically mud deposition is associated with lags in flow and sand deposition is 

associated with active conditions (Calverley, 1984; Smith, 1987; Thomas et al, 1987; Makaske 

and Weerts, 2005). This does not appear to be the case in the deposition of this bar due to the 

presence of active sedimentary structures, such as current ripples, within both mud and sand 

beds, implying active deposition in each (Frazier and Osanik, 1961; Walker and Cant, 1984). 

Planner and cross-laminations also indicate active deposition (Frazier and Osanik, 1961; Walker 

and Cant, 1984). 
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Figure 10: Face interpretations (Appendix) 
from bar. Yellow lines indicate measured 
sections. Numbers on accretion sets indicate 
orientations. Bold red lines indicate top and 
bottom of lateral accretion element. 
 25 
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3.2.2 Accretion Trends   

Changes in orientation of major accretion surfaces were used as separating factors 

between lateral-accretion subunits (Figure 11). These accretion packages commonly were 

between 3 to 4 meters thick and 10 to 15 meters long.  Sand content shifts between packages, and 

alternating packages have sand content more consistent with typical sandy point bars. Accretion 

units by definition have consistent orientation for accretion-surfaces but also tend to be distinctly 

mud or sand dominated throughout.  The sand and mud accretion sets are both present 

throughout the areal distribution of the element and do not appear to reflect location within the 

element.  These data suggest that the muddy deposits of the muddy lateral accretion set reflect 

changes in trajectory of bar growth and sudden and temporary adoption of accretion orientations 

not conducive to sand deposition.  Mud set distribution is not localized and thus not consistent 

with either late stages of growth in the overall bar formation process or counter point bar 

development.  
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Panoramas display how accretion sets are internally arranged with respect to orientation 

of parallel accretion surfaces. Major surfaces between sets where set orientation changes 

commonly crosscuts the predecessor package inferring erosion associated with reorientation of 

bar growth (Figure 10; Appendix). Accretion surfaces within an individual accretion set typically 

mimic the orientation of the basal binding accretion surface of the package but may have a 

different orientation (Appendix). Lapping relations between set internal accretion surfaces and 

binding accretion surfaces were predominantly top lap with local basal on lap. 

Panoramas were used to complete a general architectural element analysis of this muddy-

normal point bar (Appendix). Lithofaceis within accretion sets with common orientation are 

identified as mud (blue), sand (yellow), and mixed (within 10% of 50/50; red).  Some sets were 

Figure 11: The muddy lateral accretion element was separated using 
changes in orientation of major accretion surfaces (gray line). Lapping 
relations were used to both separate sections by orientation changes as well 
as analyzed to determine if a pattern between lapping type and orientation 
changes existed. No relationship was noted. Once divided, mud and sand 
content was evaluated to determine whether a sand, mud, of mixed facie. 
Thick red lines show top and base of lateral accretion element as well as 
thalweg element. 
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deformed by abundant liquefaction features (orange) and not assigned a separate lithology 

otherwise, though most are mud-dominate. Bounding accretion surfaces (black), and set internal 

accretion surfaces (grey) are also defined. Also identified in these photographs were slumps (3 

panoramas in Appendix) and small faults (7 panoramas in Appendix). 

The lateral accretion element is mud dominate by general content.  Mud constitutes 38% 

mud vs sand (24%) and mixed (38%) in dominance by accretion sets.  Mud vs sand in general by 

volume non-specific to accretion sets is 57% mud and 43% sand (Table 1).  

Mud content permeates the bar in its entirety and numerous vertical sections at different 

locations across the bar reveal no apparent trend in upward fining vs upward coarsening in the 

bar at any location (Figure 12).  This is because mud vs. sand sets are stacked vertically and 

randomly, thus vertical sections encounter more than one accretion set vertically with no pattern.  

Vertical sections may pass from and between mud to sand sets without consistency, 

overwhelming any vertical upward fining signal of typical point bars generated by upward loss 

of bed shear stress with decreased depth.  
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Accretion 
Set

% Type % Type % Type % Type % Type % Type % Type % Type % Type % Type % Type % Type
9 N/A Floodplain N/A Floodplain
8 0.33 Mud N/A Floodplain N/A Floodplain N/A Channel Fil l

7 0.75 Mud 0.50 Mud N/A Floodplain N/A Floodplain N/A Floodplain N/A Channel Fil l N/A Floodplain 0.8 Mud
6 0.67 Mud 0.75 Mud N/A Floodplain 0.50 Mud 0.00 Liq. 0.50 Mud 0.50 Mud 0.33 Mud 0.50 Mud 0.67 Mud
5 0.25 Mud/Liq. 0.67 Mud 0.00 Liq. 0.67 Mud 0.67 Mud 0.75 Mud N/A Floodplain 0.25 Mud 0.67 Mud 0.50 Mud 0.50 Mud
4 0.75 Mud 0.67 Mud 0.50 Mud 0.00 Liq. 0.67 Mud 0.50 Mud N/A Channel Fil l 0.50 Mud 0.00 Mud 0.33 Mud 0.25 Mud N/A Channel Fil l
3 1.00 Mud 0.50 Mud 0.33 Mud 0.50 Mud 0.67 Mud 0.25 Mud 0.50 Mud 0.00 Mud 0.67 Mud 0.75 Mud 0.50 Mud 0.50 Mud
2 N/A Thalweg 0.33 Mud 0.67 Mud N/A Thalweg N/A Thalweg N/A Thalweg 0.50 Mud 0.50 Mud 0.50 Mud 0.25 Mud N/A Other Point Bar 0.50 Mud
1 N/A Floodplain N/A Thalweg N/A Thalweg N/A Floodplain N/A Floodplain N/A Floodplain 0.00 Mud 0.00 Thalweg N/A Thalweg N/A Thalweg N/A Other Point Bar 0.67 Mud

Pano/Sec. 7Pano/Sec. 5Pano/Sec. 4Pano/Sec. 3Pano/Sec. 2 Pano/Sec. 13Pano/Sec. 6 Pano/Sec. 12Pano/Sec. 11Pano/Sec. 10Pano/Sec. 9Pano/Sec. 8

Table 1: This table shows the overall percentages of mud, sand, and 50/50 across 
the entire point bar. These values were determined using panoramas. The 
percentages determined in “Dominate Accretion Sets” and “Mud Vs. Sand Volume” 
were calculated using data from the mud percentages shown per unit in the 
colorized portion. 
 

Sediment Occurance % Sediment Occurance %
Mud 19 0.38 Mud 28.5 0.57
Sand 12 0.24 Sand 21.5 0.43
50/50 19 0.38 50/50 0 0
Total 50 100 Total 50 100

Dominate Accretion Sets Mud Vs. Sand Volume

29 
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An analysis of orientations using the strikes of major accretion surfaces across the lateral-

accretion element show a pattern that can be associated with bar growth (Figure 13). Two 

groupings for orientations of major accretion surfaces appear. Accretion-bounding surfaces were 

generally oriented east or west. 

Figure 12: Graphs depicting mud percentage trends across the point bar. Mud percentages were determined 
using quick sections and photograph interpretations for each unit of sections 2-13. Sections 1 and 14-17 were not 
included in determining mud trends for various reasons including cut bank section, no part of the point bar in the 
section, or no section at location. The trends seen from each section do not follow a trend, thus allowing us to 
see that the point bar does not muddy up, coarsen up, or the like. 
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This Orientation data for accretion sets was then normalized for location by considering 

dip only with respect to change in dip from the underlying set.  Change in dip from one major 

accretion surface to the next going up section helps to better gain an idea of bar growth trends 

and changes in bar growth direction. If change in dip direction from the lower major accretion 

surface to the major accretion surface directly above is eastward, the change is considered 

positive in proportion, and vice versa for westward shifts.  Data is plotted in a bar chart with 

colors assigned to each change to represent what lithofacies each surface changed to – sand to 

mud (blue), mud to sand (yellow), mixed to mud (light-blue), mixed to sand (light-yellow), mud 

to mixed (yellow-brown), sand to mixed (dark-blue), and mixed to mixed (red). Orientation 

changes to the west tend to be sandy and orientation changes east tend to be muddy (Figure 14). 

This shows that there are toggling sandier and muddier phases of growth to this point bar, each 

associated with a differing orientation. Orientations recording an eastward shift are typically 

Figure 13: Rose Diagram of accretion set bounding surfaces showing generally east-west strike orientations. 
Calculations form GeoRose 0.5.1. Internal surfaces tend to follow accretion set bounding surfaces, thus 
modeling these surfaces can be used to infer bar migration directions. 
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muddier and those recording a westward shift are sandier. When these data are analyzed with 

paleocurrent data, it appears that sand is associated with bar expansion and mud is associated 

with shifts toward directions of bar translation. 

Additionally, bar growth translation and expansion was analyzed by plotting strikes and 

dips of major accretion surfaces in aggregate on a stereonet (Figure 15). Strikes and dips were 

assigned a color dependent on the lithofacie type of each surface set. Dip directions were then 

averaged for each lithofacies type to obtain average direction for accretion according to 

lithofacies type. This stereonet was also compared to a map of strikes and dips of average 

accretion surfaces by location within the bar (Figure 16). Each accretion surface set strike and 

dip point was assigned a color to match its sediment type – mud as blue, sand as yellow, and 

mixed as red. Mud, sand, and mixed surfaces a generally dispersed evenly across the point bar 

except at the bar tail where mud content increases. Strikes and dips of major accretion surfaces 

have similar orientations within mud, sand, and mixed sets. Average dip direction of sand 

orientations runs in a NW direction, mud is a slightly SE direction, mixed in a slightly NE 

direction, and then an overall direction of growth averaged among all sets is NE. Again, sand 

orientations represents expansion, mud orientations translation, and then mixed orientations 

between. The sets toggle between sandy expansion orientations and muddy translation 

orientations.  
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Figure 14: Graph relating changes in orientation to sediment type for accretion sets. Blue signifies a shift from sand to mud sets from the lower set to the 
upper set, yellow a shift from mud to sand, light blue from mixed to mud, light yellow from mixed to sand, yellow-brown from mud to mixed, dark-blue 
from sand to mixed, and red from mixed to mixed. 
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Figure 15: Stereonet, plotted using Allmendinger’s Stereonet 9.5.2 
(Allmendinger et al., 2013; Cardozo and Allmendinger, 2013), showing 
strikes and dips of major parallel sets of accretion surfaces of this muddy-
normal point bar. This stereonet also relates the strikes and dips of the major 
accretion surface sets to sediment type – mud as blue, sand as yellow, and 
mixed (50/50) as red. Averaging dip directions reveal that sand sets are 
oriented NW, mud slightly SE, mixed slightly NE, and an overall meander 
direction of all sets is NE – supporting toggling between expansion and 
translation. The measurements include all parallel accretion sets within the 
bar. 
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Figure 16: Strikes and dips of major accretion surfaces were each assigned a color – blue, yellow, 
or red – to designate sediment type associated with each measurement – mud, sand, or 50/50. 
Average directions were determined for each grouping of strikes and dips, these were then 
compared with average directions calculated from the stereonet and paleocurrent direction. This 
revealed that a NW orientation favors sand, slight SE direction favors mud, and slight NE direction 
favors mixed (50/50). In view of the paleocurrent direction it can be determined that as sand is 
deposited, the bar expanded and as mud was deposited, the bar translated. 
 
 
 
 



36 
 

3.3 SLUMPS AND LIQUEFACTION FEATURES   

 Slump features and liquefaction features are prominent in the northern part of the lateral 

accretion element. The location of slump features tended to be near the toe and center of the 

element (Figure 17) and liquefaction features occurred in approximately the upper 2 to 3 meters 

throughout (Figure 10; Appendix) with their occurrence increasing around slump features. Since 

liquefaction features are strongest where slump features occur, there is an implied relationship 

between the two (Appendix). A total of 13 pictures were taken of different slump features 

throughout the field and used to generate 2 panoramas (Figure 18).  



37 
 

 

Figure 17: Location of slump and liquefaction features are identified. The slump scar is 
outlined in red with the slip direction as approximately NW. Nose was folded and truncated 
as the bar continued to build after the slump occurred. 
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Figure 18: Slumps, scarps, and nose all indicated above. Slumps and liquefaction are common features in the upper 3 
meters of this point bar in the areas as indicated in Figure 17. 
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CHAPTER 4 

DISCUSSION 

4.1 POINT BAR ACCRETION   

The lateral-accretion element in the targeted meander loop records a mud-rich point bar 

formed by lateral migration of the channel in an average northwest direction.  Accretion 

alternates between mud-rich vs. sand-rich sets with no preference to location of mud or sand 

beds within or between accretion packages.  The mud-rich sets contain alternating mud and sand 

beds parallel to accretion sets, preserving a bedding association commonly abbreviated as 

Inclined Heterolithic Strata, after Thomas et al, 1987). The sand rich sets may have thin mud 

partings but are otherwise sand deposits.  Each accretion set records a separate accretion 

direction, and the binding surfaces between are commonly erosive of the sets beneath as 

evidenced by top lap.  These binding surfaces record resurfacing of the point bar during episodes 

of change in bar migration direction.  A similar higher-order bounding surface is found in point 

bar deposits of the Dinosaur Park Formation by Durkin (2015) and is interpreted similarly in 

these rocks.  The large-scale alternation of mud vs. sand sets generates a litholgic heterogeneity 

in accretion sets that can also be considered IHS.  This IHS, however exists at a higher order than 

the IHS within sets, and records larger-scale bar migration trends instead of discrete accretion 

events.  This self-similarity in IHS between these two scales does record some level of fractal 

geometry in IHS deposition. 

The point bar does not generate the classic fining upward grain-size profile typical of 

point bars (e.g., Nanz, 1954; Sundborg, 1956; Bersier, 1958; Allen, 1963, 1970; Visher, 1965; 

Bernard, et al., 1970; MeGowen and Garner, 1970; Bluck, 1971; Bridge, 1975) because 

mud/sand alternations are not consistent, and any given vertical section encounters more than 
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one accretion set.  On average, the base was neither muddier nor sandier than the top of the bar 

for this reason. 

Mud beds within muddy accretion sets parallel accretion surfaces, but are thick compared 

to interbedded sand and are typically rippled instead of parallel laminated.  These mud beds do 

not appear to record slack-water draping from suspension in still waters between high-energy 

sandy accretion events. Mud was deposited instead as thick units with active bedforms parallel to 

accretion surfaces by some semblance of bedload transport during flow events for sufficient 

sustained duration to accumulate thin to medium beds in single accretion events. Flume 

experiments by Schieber and Yawar (2009) support this notion. In their experiments, Schieber 

and Yawar (2009) demonstrated that mud suspensions can deposit as ripples in swift moving 

currents, 15-30 cm/s. Parallel laminations and cross-stratification also occurred occasionally 

within the mud beds, thus implying similar conditions as would deposit these same features in 

sand beds. Not much literature on these features is available though. 

Structures in sand beds attest to transport as bedload. Cross-stratification in sand beds 

records dune migration across accretion surfaces in fashion typical of point bar development and 

flow conditions associated with meandering systems (Sundborg, 1956; Harms et al., 1963; 

McGowen and Garner, 1970; and Jackson, 1976). Parallel laminations are vertically throughout 

cross sections of the point bar indicating combinations of depth and velocity favorable to upper 

plain bed depositon parallel of accretion surfaces, a feature also well extablished in point bars 

(Sundborg, 1956; Harms et al., 1963; McGowen and Garner, 1970; and Jackson, 1976). Grain 

size also fines upward along accretion surfaces in sandy sets in response to loss of bed shear 

stress with water depth, again, typical of normal point bar processes systems (Sundborg, 1956; 

Harms et al., 1963; McGowen and Garner, 1970; Jackson, 1976; Smith, 1987). 
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IHS is commonly attributed to tidally influenced bars, counter point bars, and bar tails, 

but the IHS deposits contained within this point bar are unrelated to these typical processes.   

Tidally influenced bars commonly have gravel, mudballs, and mud at the base and may have 

other tidal indicators reflective of by-directional flow (Jackson, 1978; Calverley; 1984; and 

Smith, 1987). Grain sizes also commonly fines up section and downstream (Jackson, 1978; 

Calverley; 1984; and Smith, 1987). The point bar of this study lacks tidal indicators and includes 

more typical sandy bar sets. Most importantly the bar lacks trace or body fossils distinctive of 

marine influence. Fossils are restricted to dinosaur bone fragments and then plant debris, such as 

petrified logs, small twigs impression, and small coalified pieces of indistinguishable plant 

debris.  The bar is within a channel belt, and is bound by floodplain and channel belts that 

similarly lack tidal indicators and more commonly contain more characteristically sandy point 

bar deposits.  The precise distance upstream from the contemporary shoreline is uncertain but is 

at least on the order of several 10’s of kilometers (Figure 3) (Eberth, 2009).  While not 

confirming the distance is too great for marine reach, this is consistent with the lack of tidal 

imprint.  Tidal origin of the IHS is thus not probable.       

IHS in both counter point bars and bar tails are distinguishable by the location within the 

bar and the relative extent of the IHS deposit. Counter point bar deposits transition from a 

sandier deposit to a muddier deposit across an inflection point (Fustic et al., 2010; Brice, 1974; 

Hooke, 1984; Smith et al., 2009). There is no infection point within the point bar of this study 

where a discrete zone of sand-dominate accretion sets transitions to muddier IHS accretion sets. 

Bar tail IHS results in slower discharge rates triggered by onset of channel abandonment and 

occur along the meander-bend axes (Willis and Tang, 2010; Smith et al., 2011; and Ielpi and 

Ghinassi, 2014). While this does occur, and explains a small portion of the IHS deposits mapped 



42 
 

(Figure 16), IHS deposits in this point bar are throughout the entirety of the deposit and not 

restricted to any particular portion.  The remaining majority of IHS sets require a different 

interpretation. 

IHS deposits instead are related to changes in accretion orientation associated with bar 

growth. Small changes in bar growth affect small scale architectural features in the same way 

that toggling between expansion and translation affect the large scale architecture of the entire 

point bar. Accretion packages were typically between 1 to 3 meters thick, pinching out at ends, 

and 10 to 15 meters long before crosscut by a higher-order set boundaries. These crosscutting 

events record locations where the bar growth changes orientation.  The reasons why changes in 

accretion direction triggered alternations between sandy and muddy sets is explored in the next 

section.  

4.2 TOGGLING BETWEEN EXPANSION AND TRANSLATION – THE ORGIN OF THE 

MUDDY-NORMAL POINT BAR 

Expansion and translation are both common processes in the generation of point bars 

(Daniel, 1971; Jackson, 1976; Nanson, 1980; and Bridge and Jarvis, 1982; and Holbrook, 2013). 

Brice (1974) defined expansion is the increase in the sinuosity of a meander bend by growth 

perpendicular to the belt axis and translation is the downstream movement of a meander bend. In 

a purely expansional meander system a normal, sandier/coarser, point bar will be deposited 

(Figure 18) (Allen, 1963, 1970; Visher, 1965; Bernard, et al., 1970; MeGowen and Garner, 

1970; Bridge, 1975; Willis and Tang, 2010). In a purely translational meander system a counter 

point bar with concave accretion sets will form across an inflection from the convex sandy 

normal bar (Figure 19) (Daniel, 1971; Jackson, 1976; Nanson, 1980; Bridge and Jarvis, 1982; 

Smith et al, 2009; Willis and Tang, 2010). Sand tends to preferentially deposit on the apex of the 
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point bar and finer-grained strata tends to accumulate on downstream of the bar apex (Bridge and 

Jarvis, 1982; Smith et al, 2009; Willis and Tang, 2010).  Since expansion favors preservation of 

bar apex sediments and translation tends to favor the segments downstream of the apex, normal 

point bars tend to be sandy and counter point bars tend to be muddy/heterolithic (Smith, 2006).  

Accretion set dip direction can be used to infer slope perpendicular (expansion) to slope parallel 

(translation) bar migration (Ielpi and Ghinassi, 2014; Willis, 1993; Fustic et al., 2012). It is not 

uncommon to for a single point bar to preserve episodes of both expansion and translation 

(Calverley, 1984; Wood; 1985; and Smith, 1987).  If a river alternates between translation and 

expansion, both deposits will be preserved (Calverley, 1984; Smith, 1987; Willis and Tang, 

2010).   
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The alternation of sandy vs muddy accretion sets in the targeted muddy-normal point bar 

records high-frequency alternation between expansion and translation during bar migration.  

Sandy set orientations are typically NW and muddy deposit orientations were generally SE, and 

mixed sets are oriented in between these two (Figures 15 and 16). Sandier deposits, with an 

average orientation NW, are more perpendicular to paleocurrent flow and channel geometry 

indicative of growth by expansion. Muddier deposits have an orientation SE to more of a 

downstream direction to the paleocurrent flow and channel geometry and are indicative of 

growth by translation. This preferred orientation toward translation for muddy sets and 

Figure 19: Three different point bar models are displayed in both map and cross sectional view. In a purely 
expansional meander system a normal, sandier/coarser, point bar will deposit. In a purely translational meander 
system a counter point bar will deposit. A muddy-normal point bar is made up of both normal (expansion-
dominate) point bar deposits and counter (translation-dominate) point bar deposits in alternating succession. The 
alternation of sandy vs muddy accretion sets records high-frequency alternation between expansion and 
translation during bar migration.  
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expansion for sandy sets is also reflected in the graph of set transitions (Figure 14).  In general 

when a set ends deposition, the following set tends to be sandier if it changes toward accretion in 

the general direction toward expansion (westward) and tends to be muddier if the change in 

direction is more toward the direction of downstream translation (eastward).   

Though IHS deposits comprise a large percentage of this muddy-normal point bar, this 

bar is not completely IHS owing to toggling between expansion and translation (Figure 19). 

Thus, a muddy-normal point bar is made up of both normal (expansion-dominate) point bar 

deposits and counter (translation-dominate) point bar deposits in alternating succession. If it had 

only expanded, it would have produced a sandy normal point bar deposit with a lobate geometry. 

If the bar had only translated, it would have produced a muddy counter point bar deposit with a 

more elongate geometry. Because the river toggled in orientation between expansion and 

translation at high frequency, instead of migrating consistently perpendicular or parallel to slope, 

a mix of these two different types of point bars were preserved within the same bar element.  The 

point bar still produced a roughly lobate geometry similar to a sandy normal point bar, but with 

abundant mud sets similar to a counter point bar and thus bears the traits of both.  This produced 

a new type of bar that records toggle between expansion and translation and is a hybrid of the 

sandy normal and counter point bars.   

Another observation of note is that the toe of this point bar is muddier than the remainder 

(Figure 16). This is a normal phenomenon associated with channel abandonment.  Reductions in 

discharge provide for the accumulation of finer-grained beds as the bar goes into abandonment 

phase (Willis and Tang, 2010 and Makaske and Weerts, 2005). This process also contributed to 

the general heterolithic characteristic of the bar, but only explains the outward most heterolithic 

deposits  
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4.3 EVIDENCE FOR LARGE EARTHQUAKE AND POSSIBLE IMPLICATIONS    

 Liquefaction features are abundant in the upper 3 meters of the bar and slump features are 

located towards the center and toe of the point bar. These two overprints on the bar record a large 

paleoseismic event that during bar growth.  As the intensity and occurrence of slumps increased, 

so does liquefaction features. Liquefaction features and slump features have been tied to 

earthquakes. The New Madid earthquakes of 1811-1812 caused several liquefaction features 

over the area of the northern Mississippi Embayment, covering an area of 600,000 square miles 

(Obermeier, 1989; Gomberg, 1992; Johnston and Schweig, 1996; USGS, 2016). Liquefaction 

features are also abundant in Alaska in association to the Alaskan earthquake of 1964.   Both the 

New Madrid and Alaska earthquake are also associated with slumping. 

Liquifaction records the excedence of the shear strength of sandy or heterolithic start 

because of increased pore pressure induced by the passing of seismic surface waves (American 

Society of Civil Engineers, Geotechnical Engineering Division, committee on Soil Dynamics, 

1978; Obermeier, 1989).  Liquefaction is aided by high water tables in sandy substrates with 

capping hydraulically confining layers and generally records earthquakes on the order of 6.5Mo 

or greater and liquefaction of sand to a few meters depth (Obermeier, 1989; Johnston and 

Schweig, 1996; Tuttle et al, 2002).  Liquifaction is mostly recorded by deformed strata in the 

upper part of the muddy-normal point bar.  Thin massive sand sheets within the lower meter of 

the overlying mudflat element toward the southern and older part of the bar likely record sand 

blows locally preserved on the thin overbank strata that capped the point bar at the time of the 

earthquake and provided for the hydrolaguic confinement that aided liquefaction (Figure 20).  

Liquifaction deformed the sand in the upper part of the bar where saturation and pore pressure 
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was high but lithostatic pressure from the weight of the overlying bar and thin floodplain cap was 

low.  Sand blows record local breaching of the confining clay and extrusion of liquefied sand. 

 

Slumps in the toe of the bar record a lateral spread assocated with collapse of the point 

bar into the adjacent channel.  Lateral spreads are known from earthquakes like the 1965 Alaska 

earthquake (Waller, 1964; Senthamilkumar, 2009). They record the slip of a large generally flat 

mass of soft sediment along a glide plain laterally into an open space during a seismic event 

because of increased pore pressure along the base (Bazair et al, 1992; Palmer, 2006).  The 

resultant lateral spread produces a backward rotating slump in the back of the spread, that usually 

evolves into multiple enechalon slumps throughout the mass as the spread fails, and a 

compressively folded toe at the front of the advancing failing mass (Figure 21).  The slumps in 

the muddy point bar have these traits (Figure 18).  The back of the slumps record the distance 

inside the point bar where failure propagated, and the additional slumps developed toward the 

channel record the breakup of the spread with continued failure.  The toe of the spread is marked 

by a recumbent fold within heterolithic point bar deposits at the extent of the spread in the 

channel direction (Figure 18).  The lateral spread records collapse of the point bar into the lateral 

Figure 20: A) Indicates sand blowout (top yellow) and liquefaction features (orange) below, as well as lateral 
accretion element (comprised of orange, blue, and bottom yellow). B) On top of the sand blow out from image 
on left. 
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open space of the contemporary active channel. Most of the overbank muds above the point bar 

are not deformed (Figure 18), meaning only a small portion or none of these overbank deposits 

were there at the time.  The lack of accumulation of overbank mud at the time of deformation is 

consistent with the assertion that the lateral spread occurred on new point bar at the edge of the 

active channel.  The folded toe of the lateral spread is truncated by accretion sets toward the 

channel, suggesting that the bar re-established after the earthquake and bar collapse and 

continued to grow for some additional short time.  

   

Currently, the cause for this earthquake is unknown as the Dinosaur Park region was not 

a well-established seismic region and is not sufficiently close to coeval plate margins to account 

for the observed seismic effects. The seismic origin of the lateral spread and the co-occurrence of 

significant liquefaction both at the time of late active bar formation supports the assertion that a 

large earthquake, however, is associated with these features.  Large intraplate earthquakes far 

from active plate margins are certainly common and known to disrupt contemporary fluvial 

Figure 21: Figure showing before and after earthquake of this muddy-normal point bar. The lateral spread 
produced a backward rotating slump in the back of the spread, which evolved into multiple enechalon slumps 
throughout the mass as the spread failed, and a compressively folded toe at the front of the advancing failing 
mass. The Lower image is not to the same scale as the upper image. Lower image shows full channel and 
cutbank. 



49 
 

systems (Schumm et al., 2000; Holbrook, 2006).  Such an intraplate earthquake of a system not 

currently considered seismically active is a possibility.  One additional possibility is that the 

earthquake is associated with a bolide impact.  Impacts of large meteorites and comets are known 

to generate great earthquakes (Alvarez et al, 1998).   A large crater of the approximate age of the 

targeted strata has recently been discovered near the study site (Figure 22) (Glombick et al., 

2014; USGS, 2016). While the dates of the impact and the dates of seismic activity on the point 

bar are far to unconstrained to confirm any association, the co-occurrence does spark speculation 

and reasons for further consideration of their possible relationship.  
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Figure 22: Modified from Glombick (2014), images of Bow City, Alberta, Canada crater. The top image is a 
pameramic of the area and the bottom image is a close up of the thrust faults (red lines). Kneeling geologist 
(indicated with black arrow) for scale.   
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4.4 RELATION TO PETROLEUM AND RESERVOIR POTENTIAL    

The Athabasca Oil Sands of northeastern Alberta, Canada is one of the world’s largest 

proven extra heavy crude oil reserves. Initial estimates of oil in place are 1.8 trillion bbl, most of 

which is within point bar deposits of the Lower Cretaceous McMurray Formation (Deutsch et al, 

2013). Alberta’s oil sands constitute the third largest proven crude oil reserves in the world 

(Government of Alberta, 2014). Despite the high success of proven reserves, production from the 

Athabasca Oil Sands is difficult owing to the high viscosity of the hydrocarbons and the 

naturally occurring heterogeneities found within point bar reserves.  

Heterolithic properties within a point bar are predominately the result of inclined 

heterolithic stratification (IHS) deposits. Tidally influenced IHS deposits and counter point bars 

are common in the McMurray Formation, but does not explain all heterolithic occurances 

(Demchuk et al, 2007; Dolby et al, 2013; Hubbard et al, 2011; Fustic et al, 2013; Hein et al, 

2013) the muddy-normal point bar is another bar type that may contribute an explaination for 

muddy point bars where other models fail.  Additionally, better comprehensions of the internal 

structure of heterolithic point bars can always aid in further understanding point 

bar interconnectivity and how it affects oil and gas flow in reservoirs.  
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CHAPTER 5 

CONCLUSION 

 The muddy normal point bar is a new classification for point bars, one in which toggling 

between meander bend expansion and translation orientation cause alternations between mud-

dominated and sand-dominated accretion sets. The result is a point bar dominated by muddy 

strata but with sandy accretion intervals and ultimately produces a lobate geometry similar to a 

normal sandy point bar.  Mud layers within translating accretion sets are thick-bedded and have 

current ripples indicative of deposition by transport rather than consistent draping from 

suspension during quiet water. Expansion sets have sand content and internal structure more 

consistent with typical sandy point bars. The sand and mud accretion sets are present throughout 

the point bar and do not appear to reflect location within the bar.  The prevalence and high-

frequency shift between muddy and sandy accretion sets means that vertical sections encounter 

set alternations and the fining upward trends typical of normal point bars do not occur here and 

upward grainsize trends are somewhat random.  These data suggest that the muddy deposits of 

the muddy-normal point bar reflect changes in trajectory of the bar and sudden and temporary 

adoption of accretion orientations not conducive to sand deposition, and do not record either late 

stages of growth in the overall bar formation process, deviations from fully fluvial drivers, or 

counter point bar patterns.  

This particular muddy-normal point bar deposit showed signs of significant seismic 

activity based on pervasive liquefaction and slump features. The slump features record a large 

lateral spread associated collapse of the point bar into the adjacent open channel, and the 

liquifacton features are contemporary and include deformed beds and local sand blow.  The 

cause of the earthquake is uncertain but could record intraplate seismicity from a currently 
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unknown source.  Intriguingly, the earthquake could also record a large earthquake associated 

with the Bow City Impact Crater impact which happed nearby and approximately at this time. 

These muddy-normal point bars are common in hydrocarbon reservoirs. A better 

understanding of muddy-normal point bar’s impact on reservoir quality, as well as how these 

point bars form, will assist in establishing predictive relationships that in turn aid in production 

and exploration.
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Mud-dominate point bars are common features and are widely accepted as showing deposition 

by either tidal influence, bar tails, or counter point bars. Less understood, but still observed, are 

point bars that lack these depositional characteristics and yet, are still mud dominate. The goal of 

this study was to determine processes by which normal-muddy point bars form. Late Cretaceous 

fluvial strata of the Dinosaur Park Formation in the Steveville badlands of Dinosaur Provincial 

Park, Alberta are targeted to address this issue. Strikes and dips, paleocurrents, panoramas, and 

stratigraphic columns were collected to determine accretion trajectories and lithologic trends. 

This point bar was typically between 8 to 10 meters thick with altering layers of sand and mud, 

with mud being the predominate sediment and comprising over 50% of the point bar. Flood plain 

deposits stratigraphically confined the point bar, allowing for the determination that it was a 

single complete point bar. Typically, the mud layers are silty mudstones and the sand layers 



 
 

started as medium grained at the base of the point bar and then fined up to layers of lower fine 

sand at the top of the point bar. Mud layers and sand layers varied between thin to medium 

bedded. Mud layers within this point bar are thick-bedded and have current ripples indicative of 

deposition by transport.  This suggests that the mud layers were deposited by active accretion 

events and are not simple drapes. This point bar also consists of accretion packages with 

differing orientations.  Accretion packages commonly were between 1 to 3 meters thick and 10 

to 15 meters long.  Sand content shifts between packages, and alternating packages have sand 

content more consistent with typical sandy point bars. The sand and mud packages are present 

throughout the point bar and do not appear to reflect location within the bar.  These data suggest 

that the muddy deposits of the muddy-normal point bar reflect changes in trajectory of the bar 

and sudden and temporary adoption of accretion orientations not conducive to sand deposition, 

and do not record either late stages of growth in the overall bar formation process, deviations 

from fully fluvial drivers, or counter point bar patterns. An analysis of strikes and dips of major 

accretion surfaces and the sediment associated with each surface revealed that sand surfaces are 

typically oriented to the north, mud to the south east, and 50/50 in between the two. These data, 

when compared to the channel flow direction, implies that as the river expanded sand was 

deposited and as the river translated mud was deposited. This river pulsated between these two 

phases allowing geometries of a normal point bar to form during times of expansion and 



 
 

geometries similar to a counter point bar during times of translation, overall providing the 

environment for a muddy-normal point bar to form.  
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